The early years are characterized by rapid physical growth and the development of behaviours, such as physical activity. The objectives of this study were to assess the 12-month changes and tracking of physical activity and fitness in 400 preschoolers (201 boys, 4.5±0.9 years). Physical activity data were collected in 3-sec epochs for 7 days with accelerometers, expressed as minutes per day and as the % of wear time spent in various intensities. Short-term muscle power (STMP), assessed with a 10-sec modified Wingate Anaerobic Test, was expressed as absolute (W) and relative (W/kg) peak power (PP) and mean power (MP). Aerobic fitness, assessed with the Bruce Protocol progressive treadmill test, was expressed as maximal treadmill time and heart rate recovery (HRR). Light physical activity decreased 3. 
INTRODUCTION
The early years of life are characterized by rapid growth and development, and this is a period for which we know the least about physical activity and its influence on health outcomes. One assumption might be that young children are habitually "active enough" and, as such, are reaping the health benefits associated with engaging in physical activity (Timmons et al. 2012a ).
However, indicators of cardiovascular and cardio-metabolic diseases, such as obesity, are beginning to manifest in young children. The Canadian Health Measures Survey reported that 16.4% of 3-to-5 year olds were already overweight or obese (Colley et al. 2013) . There is growing evidence that obesity is prevalent in the early years and that most excess weight is gained by 5 years of age (Gardner et al., 2009) . Body mass index (BMI) tracks moderately well; for example: in an Australian longitudinal study, BMI at age 6 was a good predictor of BMI in adulthood (Magarey et al. 2003) . In a sample of young Canadians, about 30% of children were at risk of becoming overweight or obese, even as young as 2 years old (He & Sutton, 2004) . The early manifestation of obesity and its strong tracking suggests that lifestyle interventions that target the early years may be warranted to ensure development of healthy weights. Very little is known about the foundation of physical activity and fitness in the early years, and whether these characteristics change, or track, during this early development period.
Physical activity has been shown to increase in volume from age 3 to 5 years (Cardon and De Bourdeaudhuij 2008; Grontved et al. 2009 ) and is highly transitory and characterized by sporadic, intermittent activity . Tracking of physical activity, which refers to the stability of physical activity participation over time (Malina 1996) , is fair in the early years Jackson et al. 2003; Kelly et al. 2007) , proposing that preschoolers have more variable physical activity levels than adolescents and adults (Telama et al., 2014) . Sedentary 4 behaviour exhibits fair tracking in young Scottish boys and girls (Kelly et al. 2007 ). There is evidence from cross-sectional studies to suggest that engagement in physical activity is lower with increasing age in the school age and adolescent years (Colley et al. 2011 ), but little is known about how physical activity levels change in the early years. Sedentary behaviour is also important to consider because it is an independent risk factor for cardio metabolic risk factors indicators in children, independent of physical activity (Saunders et al., 2014) . While the preschool physical activity and sedentary behaviour research fields are growing, much less is known about fitness in this age group.
Health-related fitness refers to those characteristics that are most related to health, chronic disease prevention and health promotion (Caspersen et al. 1985) , and cardiorespiratory fitness is more important than physical activity in predicting future cardiovascular disease risk in children and adolescents. (Hurtig-Wennlof et al. 2007 ). Heart rate recovery (HRR), an indicator of cardiorespiratory fitness, refers to the rate at which heart rate returns to resting levels following exercise (Shetler et al., 2001 ), due to vagal reactivation following exercise (Imai et al., 1994) .
Faster HRR is a marker of good physical fitness (Shetler et al., 2001) and is inversely related with metabolic risk in healthy children (Lin et al., 2008; Simhaee et al., 2013) . In our study, HRR and Time to Exhaustion on a progressive treadmill test are used as measures of aerobic fitness. Short-term muscle power (STMP) refers to the mechanical power that is delivered during intense, brief exercise (Van Praagh & Doré, 2002) . Preschoolers accumulate physical activity in brief, high intensity bouts ; therefore, STMP is necessary for young children to facilitate these movements. To our knowledge, associations between STMP and health have not been investigated in the early years. Laboratory-based fitness testing has scarcely been conducted with preschoolers. Performance on health-related fitness tests, including aerobic For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.
fitness tests on a treadmill and STMP tests on a cycle ergometer, tends to increase from 3 to 6 years of age Cumming et al. 1978; Parizkova 1996) . Moderate one-year tracking has been observed in preschoolers and kindergarten students for performance on STMP tests Nemet et al. 2013) ; however, to our knowledge, tracking of aerobic fitness has not been investigated in the early years.
Information about changes and tracking of physical activity and fitness in the early years is limited and this study serves to fill this knowledge gap. It is essential to investigate physical activity and fitness over time to determine if these characteristics are stable in the early years of life or if they are still susceptible to change in the years to come. The objectives of this study were to establish the one-year changes and tracking of physical activity, sedentary behaviour and fitness in 3-to-5 year olds. It was hypothesized that performance on fitness tests will improve, physical activity participation will increase and sedentary behaviours will decrease over the oneyear period and that fitness measures will likely exhibit stronger tracking than physical activity and sedentary behaviour measures.
METHODS
Study Design and Participants. Participants were part of the Health Outcomes and Physical activity in Preschoolers (HOPP) study, the methodology of which has been reported previously (Timmons et al. 2012b ). The Hamilton Health Sciences/ Faculty of Health Sciences Research Ethics Board provided ethical approval for the study. Four hundred and nineteen healthy 3, 4 and 5 year olds were enrolled in the HOPP Study and completed year 1 assessments, 400 (95% retention rate) of whom returned to complete year 2 assessments. On average, visits were 12.1±0.7 months apart (range: 10.8-17.2 months), and 97% of visits occurred within 12 ±1 months. At year 1, five participants could not complete the assessments due to Physical Activity. Physical activity was assessed with ActiGraph GT3XE and GT3X+ accelerometers (Fort Walton Beach, FL, USA). The intraclass correlation between counts of these devices was very high (>0.9) and it is acceptable to use both within the same study (Robusto and Trost 2012) . The accelerometers were set to record activity counts in 3-sec epochs.
Participants were fitted with the accelerometer and instructed to wear it over their right hip during waking hours for seven days, except during prolonged water activities. Parents were instructed to record the times the accelerometer was put on and taken off in the provided logbook.
The accelerometer data were analyzed with Actilife software (Version 6.6.3, Actigraph, Pensacola, FL). A period was defined as non-wear if the device recorded 60 minutes or more of continuous zero counts or if the logbook indicated device removal. If less than 60 min of consecutive zero counts were measured and, there was no indication in the logbook that the device was removed, this time remained in the analyses and was considered sedentary time.
Only participants who wore the accelerometer for at least 3 days with a minimum wear time (WT) of 10 hours per day were included in the analyses. This minimum wear time is 7 recommended for children, and achieves a reliability coefficient of 0.9 (Rich et al., 2013) .
Inclusion of a weekend day does not greatly increase reliability of accelerometer data in children (Rich et al., 2013) , but would have decreased our sample size for this measure. Valid accelerometer data were available for 365 (87%) participants in year 1 and 367 (92%) participants in year 2, which corresponded to 335 participants who had valid accelerometer data (met required WT criteria) at both year 1 and year 2 ( Table 2 ). Daily minutes of physical activity and physical activity expressed as a percentage of wear time (%WT) were calculated to determine the volume of physical activity participation. The cut-points for physical activity intensity were based on cut-points that have been validated in healthy 3-to-5 year old children (Pate et al. 2006) . Moderate physical activity (MPA) was defined as 420 counts/ 15 sec epochs and vigorous physical activity (VPA) was defined as 842 counts/ 15 sec epoch. To account for the 3-sec epoch used in this study, the Pate cut-points were divided by five. This is common practice in physical activity research to accommodate different epochs (Nilsson et al. 2002) . As such, activity counts were classified as sedentary time if ≤8 counts/3-sec, total physical activity (TPA) if ≥8 counts/3-sec, light physical activity (LPA) if ≥8 counts/3-sec and <84 counts/3-sec,
MPA if ≥84 counts/3-sec and <164 counts/3-sec, moderate-to-vigorous physical activity (MVPA) if ≥84 counts/3-sec and VPA if ≥164 counts/3-sec.
Health-Related Fitness.
Short-term Muscle Power. STMP was assessed with a 10-second modified Wingate Anaerobic
Test (WAnT), and represented as peak power (PP) and mean power (MP). This modified WAnT has shown to be reliable (r=0.83-0.93) in 3-to-5 year olds ). At year 1, 65 children completed the modified WAnT on a calibrated mechanically braked cycle ergometer (Fleisch-Metabo, Geneva, Switzerland). Due to a change in equipment during the initial phases For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.
of the study, all subsequent tests were completed the test on an electromagnetic braked cycle ergometer (Corival Pediatric, Groningen, The Netherlands). Twenty-eight participants completed assessments on both ergometers, one week apart. Paired t-tests and Bland Altman plots were used to assess the differences in peak and mean power between the two ergometers. No significant differences were observed (mean difference, calculated as LODE-Fleisch-Metabo:
1.6 and -1.1 W for PP and MP respectively, p >0.05), and bias between the ergometers was 1.6±14.4 (LOA: -26.7 to +29.8) for PP and -1.1±13.6 (LOA: -27.8 to +25.6) for MP. As a result, the groups were combined for analyses.
At year 1 and 2, PP data were available for 378 participants and MP data were available for 343 participants; some participants could not complete the full 10 second test due to an inability to maintain a pedalling cadence >25 revolutions per minute (rpm) or refusal to continue despite verbal encouragement. For participants who could not maintain the pedalling cadence >25 rpm for the duration of the test, only PP was included in the analyses. First, participants were asked to pedal as fast as possible, without resistance, for approximately 20 sec or until the pedaling speed plateaued, in order to determine peak pedaling speed (revolutions per minute, rpm). After a short rest, the participants were instructed to pedal as fast as they could. When 80% of the peak pedaling speed was attained, the braking force was applied. Braking force was calculated as 4.5% of body weight for the participants who completed the test on the Fleisch-Metabo ergometer and as 0.55 Nm per kg of body mass (van Brussel et al. 2007 ) on the Lode Corival Pediatric ergometer. At this point, the participant was encouraged to keep pedaling as fast as he or she could for 10-seconds.
Aerobic Fitness. Aerobic fitness was assessed with the Bruce Protocol, a progressive treadmill test that increases in speed and grade every 3 minutes (Bruce et al. 1973) . Previous research has shown that children as young as 4 years old can complete this protocol (Cumming et al. 1978; van der Cammen-van von Zijp et al. 2010) . At the beginning of each visit, participants walked on the treadmill at a comfortable pace to familiarize themselves with the equipment. As a modification from the traditional Bruce Protocol, participants were required to hold the handrails and a researcher was positioned behind each participant to ensure safety.
Participants were fitted with a HR monitor (Polar Electro, Kempele, Finland) to continuously monitor HR during the test and recovery.
Treadmill Time. The test was terminated when the participants were exhausted, could no longer keep up with the speed of the treadmill, showed signs of emotional distress, or refused to continue despite verbal encouragement. Only participants who achieved a maximal HR >180 beats per minute (bpm) (n=366) were included in the analyses to ensure a maximal, or near maximal, effort was achieved. Reliability of the Bruce Protocol has not been assessed in preschoolers, but was highly reproducible (r=0.94) in children 7-13 years old (Cumming et al.,1978) .
Heart Rate Recovery (HRR).
Upon termination of the test, the participants were immediately seated and asked to remain as still as possible for 2 minutes. The second indicator of aerobic fitness was 60-sec HRR. 60-sec HRR was calculated as the difference between the maximal HR and HR 60-sec into recovery. Higher values indicate faster recovery and greater aerobic fitness as diminished HRR has been shown to be associated with increased cardiovascular risk factors in adults (Shetler et al. 2001 ) and youth (Lin et al., 2008; Simhaee et al., 2013) . Data for participants who did not remain seated or calm during the recovery period, based on the observations of the researcher, were excluded. Valid year 1 and year 2 HRR data were available at for 358 (89.5%) participants. were interpreted as moderate, and >0.6 were interpreted as strong (Malina 1996) . Participants were also categorized into tertiles (N/3: low, middle, high) for each variable. Cohen's kappa statistics were used to assess stability within tertiles overtime. Kappa statistics of 0-0.2 are interpreted as slight, 0.2-0.4 as fair, 0.4-0.6 as moderate, 0.6-0.8 as substantial, and 0.8-<1.0 as almost perfect strengths of agreement (Munoz and Bangdiwala 1997) . Spearman correlation coefficients were appropriate to assess individual stability over time. The purpose of using Kappa statistics was to assess the agreement of remaining within a certain tertile (e.g. low, middle or high fitness) over time (Malina 1996) . Both methods were used because some individual scores were equal or very similar, and tertile statistics allow multiple participants with similar or the same scores to be classified into the same group.
RESULTS
Physical Activity. Table 2 displays physical activity variables results for boys and girls from year 1 and year 2. Of the valid data, participants wore the accelerometers for 5.6 ± 1.3 days and 12.1 ± 0.7 hrs/day at year 1, and 5.9 ±1.3 days (p<0.001) and 12.0±0.7 hrs/day (p=0.921) at year 2. For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.
Boys consistently displayed higher levels of physical activity, at all intensities, and lower sedentary time than girls at both year 1 and year 2. Boys and girls were combined for analyses of changes and tracking of physical activity because both groups had similar tracking patterns.
When combined, TPA was not significantly changed from year 1 to year 2. However, LPA decreased and MPA remained stable, while VPA, and consequently MVPA, increased.
Health-Related Fitness. Table 3 Tracking. Boys and girls were analyzed together for tracking. The boys were consistently more active and displayed better performance on the fitness tests than the girls; however, the tracking statistics between groups were similar. Physical activity, at all intensities, displayed moderate tracking based on Spearman correlations and fair tracking, based on Kappa statistics. Tracking of physical activity was equivalent whether expressed as min/d or as %WT. With the exception of HRR, the fitness measures displayed stronger tracking than physical activity measures (Table 4) .
DISCUSSION
The purpose of this study was to determine the changes and tracking of physical activity, sedentary behaviour and fitness measures in young children over a 12-month period. In our results, we observed increases in VPA, and consequently MVPA, while LPA decreased and For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.
MPA remained stable over 12 months. Time to exhaustion on the treadmill increased 25%, while HRR remained unchanged. In addition, PP and MP both increased about 20-30% from year 1 to year 2. At both year 1 and year 2, boys consistently displayed higher physical activity participation, decreased sedentary time and better performance on fitness tests. As hypothesized, the fitness measures exhibited stronger 12-month tracking than the physical activity variables.
Studying physical activity and fitness over time can be more meaningful than a single (Table 4) . A longitudinal study that assessed physical activity in 3 year-olds observed they spent 4% of WT in MVPA, and this decreased to 2% of WT two years later ). In contrast, Kelly et al. (2007) reported that 3-to 4-year-olds spent 2%
of WT in MVPA, and this increased to 4% of WT 24-months later and sedentary time decreased from 80% to 75% of WT. In our study, participants engaged in MVPA for 13% of WT at year 1 and 14% at year 2 (Table 2) , with a small increase (0.6% of WT) in sedentary time. The differences between our results and those reported in the literature may be attributed to our shorter accelerometer epoch length (3-sec vs. 60-sec). In preschoolers, a shorter accelerometer epoch has shown the ability to capture more MVPA and less LPA and TPA (Colley et al. 2014) compared to a longer epoch. The boys in our study engaged in more physical activity than girls, a finding consistent with previous work that suggests that young boys engage in more TPA (Jackson et al., 2003) and MVPA (Cardon & De Bourdeaudhuij, 2008; Grontved et al., 2009) than girls.
Our physical activity tracking analyses revealed moderate Spearman correlations and fair Kappa statistics for all intensities. The available physical activity tracking literature for young children is limited. In a sample of 100 3-to 4-year olds, TPA displayed a Spearman tracking coefficient of 0.4 over 1 year (Jackson et al. 2003 ) while a different sample of 42 3-to 4-year olds displayed a 24-month Spearman tracking coefficient of 0.37, but a Kappa statistic of 0.01 (Kelly et al. 2007 ). In the same sample of young children, tracking of sedentary time displayed a Spearman coefficient of 0.35 and a Kappa statistics of 0.21. The lower tracking in this study may be attributed to their longer follow-up length of 24 months, compared to 12 months in our study.
A previous study from our research group with a small sample of 3-to 5-year olds suggested that MVPA and VPA displayed poor tracking, based on both Spearman and Kappa statistics ). Within our sample, we observed some of the greatest increases in physical activity participation in participants who engaged in the lowest volumes of physical activity at year 1 and vice versa for those who engaged in the highest volumes of physical activity at year 1. In agreement with the literature, these tracking results imply that engagement in physical activity is variable in the early years and may not predict future physical activity participation.
Performance on fitness tests improved with increasing age in the early years, and this was evident in both our results and in the related literature. Changes in fitness with increasing age in childhood and adolescence may be attributed to growth, neuromuscular factors, hormonal factors and coordination (Van Praagh & Doré, 2002) . A recent study that assessed muscular strength, power and velocity determined that age-related differences in strength in the early years were, for the most part, due to changes in body mass (Fry, Irwin, Nicoll, & Ferebee, 2015) . The early years are also a period of rapid locomotor, stability and balance development (Parizkova, 1996) and this likely contributes to better performance on fitness tests as children grow in age and size (Cumming et al., 1978) . The 30% increase in STMP we observed in our sample was similar to a small cross-sectional study that observed 5-year olds performed better than 3 and 4-year olds on the same 10-sec WAnT protocol . Performance on field-based STMP tests, such as the 20 or 25m dash, also improves with increasing age in the early years Parizkova 1996) , and this trend has been seen in performance on aerobic fitness tests as well.
In our sample, treadmill time increased 25% while HRR was unchanged from year 1 to year 2. Theoretically, the preschoolers could have improved performance on the treadmill test from year 1 to year 2 due to changes in growth, coordination and/or motivation, and not necessarily due to changes in fitness. HRR decreases with increasing age and growth (Cumming et al., 1978; Singh et al., 2008 ), but it is not known how much change is expected over 12-months in the early years. In our sample, HRR remained unchanged from year 1 to year 2. It has been reported that children achieved similar maximum oxygen uptake (VO 2 max) values with poorer performance on aerobic fitness tests than adults, suggesting factors other than fitness influenced their performance (Simons-Morton et al. 1988) . Using the Bruce Protocol, Cumming et al. (1978) observed times to exhaustion among 4-to 5-year-olds of 10.0 minutes and 11.5 minutes in 6-to 7-year-olds. This compares to 9.4 minutes at year 1 (3-to 5-year olds) and 11.8 minutes at year 2 (4-to 6-year olds) in our sample. HRR in our sample was stable from year 1 to year 2 at 65 bpm and comparable to a sample of 4-to-6 year olds who achieved HRR values of 59-69 bpm following the Bruce Protocol (Mimura and Maeda, 1989) . Aerobic fitness tests have been ). Differences in Kappa tracking could be due to differences in sample sizes between studies. With more scores in a larger sample, there are more likely to be many "tied" scores and the distribution of scores is narrower. Tracking of aerobic fitness in preschoolers with the Bruce Protocol has not been reported in the literature; however, other aerobic fitness measures have been discussed. In a sample of kindergarten students, Spearman tracking correlations were moderate for performance on a 1-mile walk/run test, a measure of aerobic fitness (McMillan and Erdmann 2010) . In our study, treadmill time exhibited strong and HRR displayed moderate tracking, based on Spearman results. It may not be surprising that fitness tracked better than physical activity because the latter represents the behaviour of performing movement, whereas fitness refers to the characteristics that influence one's ability to carry out physical activity (Armstrong 2006) .
While this study generated novel information about physical activity and fitness in the early years, it is not without limitations. While most tracking studies investigate longer time periods, 12-months is a significant portion of a young child's life. Therefore, it is expected that the rapid growth and development of these participants would induce changes in physical activity and fitness over this time period. Additional time points would add to the potential impact of these results. Success of the testing sessions was often influenced by the cooperation, motivation and attention of the young participants. The assessors worked hard to develop rapport and were encouraging to all children during the testing sessions. Aerobic fitness was assessed indirectly by monitoring the children's heart rates during the Bruce Protocol. This test has been used to assess aerobic fitness in preschoolers since the 1970s; however, the reliability of this treadmill test and the strong relationship between time to exhaustion and oxygen uptake has only been determined in children as young as 7 years old (Cumming et al. 1978) . The STMP test on the cycle ergometer was, anecdotally, very popular among the young participants; however, some young children did not have the full ability to pedal the bicycle for the 10-seconds of the WaNT.
Incorporation of an additional measure of STMP, such as a running dash or long jump, or measures of strength, could be valuable. Physical activity data may have been affected by season because assessments were only done once per year. Of the year 2 visits, 97% occurred within 12±1 months of the year 1 visits, so it can be assumed that assessments took place in the same season. However, differences in weather between year 1 and year 2 may have contributed to changes in physical activity. The accelerometers cannot be worn while swimming so any activity accumulated in a pool would have been missed. In addition, our 1-week of PA monitoring may not have been reflective of habitual physical activity in all of our participants. Lastly, we used accelerometer cut-points that were validated in 3-to-5 year olds (Pate et al. 2006) . At year 2, a third of the sample were 6 years old, however, no set of physical activity cut-points that encompasses our entire age range currently exists. The handling of longitudinal data that spans multiple cut-point ages is a topic that will require further investigation.
In summary, young children improved performance on fitness tests while changes in physical activity were more variable over a one-year period. The improvements in fitness may have been largely attributed to changes in growth; therefore, the investigation of tracking was importan. Fitness measures displayed stronger tracking than physical activity measures. Further investigation to determine why physical activity participation is so dynamic, as well as additional consideration to the health consequences of such activity in young children is warranted. These results suggest that healthy behaviours, such as physical activity participation, may not be set in the early years and that health promotion initiatives and programming targeted at the early years should encourage participation in all children, regardless of currently activity level. Physical activity is presented as minutes per day (min/d) and as percentages of wear time (%WT). Sedentary; sedentary time; TPA, total physical activity; LPA, light physical activity; MPA, moderate physical activity; VPA, vigorous physical activity; MVPA, moderate-tovigorous physical activity. Short-term muscle power is presented as absolute (W) and relative (W/kg) intensities; PP, peak power; MP, mean power: HRR, heart rate recovery. p-values represent the results of paired t-tests conducted for each variable between year 1 and year 2; *, p < 0.5; ***, p < 0.001.
